Introduction
============

Pregnancy-induced hypertension syndrome is a common disease of pregnant women during pregnancy, most of which occur after 20 weeks of pregnancy. Approximately 12% of maternal deaths in the Department of Obstetrics and Gynecology are related to pregnancy-induced hypertension. Edema and proteinuria occur in patients with milder conditions, while blurred vision and headaches occur in severe cases ([@b1-etm-0-0-6893],[@b2-etm-0-0-6893]). Without proper treatment, it may cause convulsions and coma in pregnant women. This not only damages the heart, liver, kidney function and coagulation system of pregnant women, but also adversely affects the placenta of the fetus and leads to the loss of placental function, thus, causing fetal growth retardation and fetal asphyxia death. The above is one of the main causes of death of pregnant women and perinatal infants ([@b3-etm-0-0-6893]). Pregnancy-induced hypertension syndrome may develop into eclampsia in severe cases, which may lead to changes in the fetus\'s internal environment of pregnant woman, seriously threatening the development and life of the fetus. Even if pregnant women are properly treated, the risk of high blood pressure, diabetes, and thrombotic diseases will be several times higher than that of normal individuals in the future, causing great harm ([@b4-etm-0-0-6893]). The clinical judgement of the newborn\'s physical condition is mainly based on the Apgar score, which can evaluate the newborn\'s respiration, heart rate, muscle tension, skin color and laryngeal reflex, and it is of great significance to the judgement of early neonatal asphyxia ([@b5-etm-0-0-6893]). With the advancement of medical technology, arterial blood gas analysis of pregnant women has also been gradually applied to the clinic. Blood gas analysis can reflect the lung respiratory function and acid-base balance of the body. According to relevant studies, pregnancy-induced hypertension syndrome can cause respiratory depression and acid-base imbalance in patients, and abnormal expression in arterial blood gas analysis results ([@b6-etm-0-0-6893]). The relationship between arterial blood gas and neonatal Apgar score in patients with pregnancy-induced hypertension syndrome is not yet clear. This study observed the expression of arterial blood gas indexes through arterial blood gas analysis in patients with pregnancy-induced hypertension syndrome, and it was analyzed combined with neonatal Apgar score, so as to provide a basis for the physical condition judgement, early guardianship and intervention of newborns.

Materials and methods
=====================

### General clinical data

A total of 348 patients with pregnancy-induced hypertension syndrome treated in the Department of Obstetrics of the First People\'s Hospital of Jining (Jining, China) from March 2013 to March 2016 were retrospectively analyzed. All of the 348 patients, as research group, met the diagnostic criteria in the guidelines for the diagnosis and treatment of hypertensive disorder complicating pregnancy (2012) developed by the Chinese Society of Obstetrics and Gynecology ([@b7-etm-0-0-6893]). Another 156 healthy pregnant women were selected during the same period as the control group. The basic data of pregnant women are shown in [Table I](#tI-etm-0-0-6893){ref-type="table"}. Patients in the research group were graded and grouped according to the clinical diagnostic criteria of pregnancy-induced hypertension syndrome ([@b8-etm-0-0-6893]), among which there were 216 patients with mild pregnancy-induced hypertension (mild group), 73 patients with moderate pregnancy-induced hypertension (moderate group) and 59 patients with severe pregnancy-induced hypertension (severe group).

### Inclusion and exclusion criteria

Inclusion criteria: patients with pregnancy-induced hypertension syndrome, maternal women with single fetus, pregnant women receiving arterial blood gas analysis and taking no uterotonic agents, and pregnant women without a history of intrauterine distress. Exclusion criteria: pregnant women with heart disease, heart failure, pulmonary heart disease, chronic nephritis, severe anemia, acute hemorrhage and trauma, hypoxic diseases (such as respiratory failure and poisoning), placenta previa, placental insufficiency, stillbirth, fetal malformation, huge fetus or intrauterine infection, or pregnant women whose neonates had jaundice. Apgar scoring ([@b9-etm-0-0-6893]) was conducted for the newborn, and all the patients involved in this study agreed and signed the informed consent. This study was approved by the Ethics Committee of the First People\'s Hospital of Jining.

### Specimen collection and detection methods

In this study, arterial blood gas analysis was performed for all pregnant women. At 36 gestational weeks of pregnant women, 2 ml whole blood was collected via radial artery puncture after disinfection. After extraction of blood, the artery was compressed using the sterile gauze for at least 5 min. At the same time, the blood was blended evenly using the artery hemostix, and detected using the Roche Cobas b123 full-automatic blood gas analyzer (Shanghai Hanfei Medical Instrument Co., Ltd., Shanghai, China) and the detection kit (Beijing Puxi Technology Co., Ltd., Beijing, China). The detection indexes included pH, partial pressure of oxygen (PO2), partial pressure of carbon dioxide (PCO2), bicarbonate radical (HCO3^−^) and base excess (BE), and they were detected in strict accordance with instructions of the blood gas analyzer and kit.

### Apgar scoring criteria

Apgar scoring was performed for neonates at 1, 5 and 10 min after maternal delivery. The neonate\'s breath, heart rate, muscular tension, skin color and stimulation reflex ability were observed. In this study, according to the Apgar scoring criteria reported by Iliodromiti *et al* ([@b10-etm-0-0-6893]), 7--10 points indicated normal neonates, 4--6 points indicated neonates with mild asphyxia, and \<4 points indicated neonates with severe asphyxia.

### Statistical analysis

Statistical Product and Service Solutions (SPSS) 16.0 software (Shanghai Cabit Information Technology Co., Ltd., Shanghai, China) was used for statistical analysis. Measurement data are presented as mean ± standard deviation (mean ± SD), and t-test was used for the comparison of measurement data between the two groups. Chi-square test was used for enumeration data. Analysis of variance was used for the mean comparison among groups and Least Significant Difference test was the post hoc test. Logistic regression was adopted for correlation analysis. P\<0.05 suggested that the difference was statistically significant.

Results
=======

### Clinical data of research and control groups

There were no statistically significant differences in the comparison of maternal age, birth experience, delivery mode, place of residence, serum total protein (TP) and serum albumin (ALB) between the research and control groups (p\>0.05). No statistically significant differences were found in the comparison of neonate\'s sex, fetal age and body weight, respectively, between the research and control groups (p\>0.05) ([Table I](#tI-etm-0-0-6893){ref-type="table"}).

### Blood gas analysis results of research and control groups

In this study, the pH value, and PO2 and HCO3^−^ levels in mild, moderate and severe patients in the research group were lower than those in the control group (p\<0.05). In the research group, the pH value, and PO2 and HCO3^−^ levels in mild patients were higher than those in moderate patients (p\<0.05), and they were also higher in moderate patients than those in severe patients (p\<0.05). Moreover, PCO2 and BE levels in mild, moderate and severe patients in the research group were higher than those in the control group (p\<0.05). In the research group, PCO2 and BE levels in mild patients were lower than those in moderate patients (p\<0.05), and they were also lower in moderate patients than those in severe patients (p\<0.05). With the exacerbation of the patient\'s disease in the research group, the differences of indexes from normal values became larger ([Table II](#tII-etm-0-0-6893){ref-type="table"}).

### Apgar scores of neonates in research and control groups

Apgar scoring was performed for neonates in the research and control groups at 1, 5 and 10 min after maternal delivery. The incidence rate of mild asphyxia (Apgar score, 4--6 points) in neonates in the research group was higher than that in the control group (p\<0.05). The incidence rate of severe asphyxia (Apgar score, \<4 points) in neonates in the research group was also higher than that in the control group (p\<0.05). With the exacerbation of the patient\'s disease in the research group, the incidence rate of neonatal asphyxia became higher ([Table III](#tIII-etm-0-0-6893){ref-type="table"}).

### Correlation of arterial blood gas indexes of pregnant women in research group with neonate\'s Apgar score at 1 min after birth

In the research group, the pH value of arterial blood of patients was positively correlated with the neonate\'s Apgar score at 1 min after birth (p\<0.05). With the exacerbation of the patient\'s disease, the pH value became increasingly lower than the normal value, and the neonate\'s Apgar score was also reduced ([Table IV](#tIV-etm-0-0-6893){ref-type="table"}). There were no correlations of the arterial blood PO2, PCO2, HCO3^−^ and BE with the neonate\'s Apgar score of patients in the research group (p\>0.05).

Discussion
==========

Pregnancy-induced hypertension syndrome is a unique symptom of pregnant women during pregnancy, which often produces adverse effects on pregnant women and fetuses ([@b11-etm-0-0-6893]). At present, the pathogenesis of pregnancy-induced hypertension syndrome remains unclear. The high-risk groups mainly include the young primipara after pregnancy for 20 weeks, elderly primipara, and pregnant women with hypertension complicated with diabetes mellitus, twins, polyhydramnios and hydatid mole ([@b12-etm-0-0-6893],[@b13-etm-0-0-6893]). Pregnancy-induced hypertension syndrome leads to such clinical symptoms as heart failure, coagulation dysfunction, cerebral hemorrhage, renal failure, blood circulation disorders and placental abruption in pregnant women, as well as premature birth, intrauterine death, stillbirth and neonatal asphyxia, which is one of the main causes of death of pregnant women and perinatal infants ([@b14-etm-0-0-6893],[@b15-etm-0-0-6893]). Therefore, the early judgement of neonatal asphyxia in pregnant women with pregnancy-induced hypertension syndrome is of great significance in early monitoring and intervention of neonates.

Blood gas analysis is to detect the pH value, PCO2, HCO3^−^, and BE, in the blood, and commonly used to determine the presence or absence of hypoxia and acid-base poisoning in the body or determine the degree of hypoxia, which plays an important role in clinical application ([@b16-etm-0-0-6893]). In this study, the pH value and PO2 and HCO3^−^ levels in the research group were lower than those in the control group (p\<0.05), while PCO2 and BE levels in the research group were higher than those in the control group (p\<0.05). With the exacerbation of disease of pregnant women with pregnancy-induced hypertension syndrome, the arterial blood pH value, PCO2 and HCO3^−^ levels became lower, but PCO2 and BE levels increased. Therefore, arterial blood gas analysis can reflect the condition of patients with pregnancy-induced hypertension syndrome to a certain degree. It is believed after analysis that in pregnancy-induced hypertension syndrome, the systemic arteriolar spasm, lumen stenosis and increased surrounding resistance cause damage to vascular endothelial cells, leading to systemic hypoxia and ischemia, and acid-base imbalance, thereby resulting in functional disorders of organs in the body and changes in the arterial blood gas analysis indexes of pregnant women ([@b17-etm-0-0-6893],[@b18-etm-0-0-6893]). The Apgar score is used to evaluate the presence or absence of respiratory depression in neonates, and it is simple and applicable, which has always been clinically used as a monitoring index of neonatal asphyxia ([@b19-etm-0-0-6893]). Results in this study revealed that the incidence rate of neonatal asphyxia in the research group was higher than that in the control group (p\<0.05). With the exacerbation of the patient\'s condition, the incidence rate of neonatal asphyxia became higher. Moreover, the arterial blood pH of patients in the research group was positively correlated with the neonate\'s Apgar score at 1 min after birth. With the decline in the pH value, the neonate\'s Apgar score became lower and the risk of asphyxia increased. It is believed after analysis that neonatal asphyxia is an emergency condition caused by insufficient oxygen supply in uterus or during delivery, whose essential reason is respiratory and circulatory disturbances due to neonatal hypoxia and acidosis. Hypoxia and acid-base imbalance in patients with pregnancy-induced hypertension syndrome lead to functional disorders of the body, result in decreased blood supply and circulation between mother and fetus, damage the function of placenta, causing intrauterine hypoxia and producing neonatal acidosis and asphyxia during delivery ([@b20-etm-0-0-6893],[@b21-etm-0-0-6893]). According to reports of Wang *et al* ([@b22-etm-0-0-6893]), the risk of neonatal asphyxia in pregnant women with pregnancy-induced hypertension is significantly higher than that in normal pregnant women, and it is increased with the exacerbation of the patient\'s condition, indicating similar results to the results of this study.

In this study, patients with pregnancy-induced hypertension syndrome were screened strictly in accordance with inclusion and exclusion criteria, thus, improving the reliability of the results in this study. Apgar score has always been clinically used as a preferred monitoring index for judging neonatal asphyxia. However, its disadvantage is that it is easily affected by the subjective factors of the scorer when the neonate\'s score is low, often leading to inaccurate results. Besides, the Apgar score is vulnerable to other neonatal diseases, lacking specificity in the judgement ([@b23-etm-0-0-6893]). In this study, the changes in blood gas indexes and acid-base balance in patients with pregnancy-induced hypertension syndrome were detected, combined with the neonate\'s Apgar score, which could make countermeasures against neonatal asphyxia during delivery in advance. There were certain limitations in this study: neonatal asphyxia cannot be accurately judged yet. Therefore, it is hoped that a better way to judge neonatal asphyxia can be found in our next study.

In conclusion, the arterial blood gas and acid-base balance in patients with pregnancy-induced hypertension syndrome may determine the severity of disease to a certain degree, and, in combination with the neonate\'s Apgar score, help monitoring and intervention of infants to be born, thus, improving the fertility quality.
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###### 

Clinical basic data of neonates in the research and control groups \[n (%)\].

  Items                          Research group   Control group   χ^2^/t   P-value
  ------------------------------ ---------------- --------------- -------- ---------
  Age (years)                    26.46±5.17       25.17±4.16      3.208    0.326
  Birth experience                                                1.526    0.247
    Primipara                    216 (62.07)        96 (61.54)             
    Multipara                    132 (37.93)        60 (38.46)             
  Delivery mode                                                   1.625    0.264
    Natural labor                234 (67.24)      109 (69.87)              
    Cesarean section             114 (32.76)        47 (30.13)             
  Place of residence                                              2.930    0.304
    Urban area                   240 (68.97)      101 (64.74)              
    Rural area                   108 (31.03)        55 (35.26)             
  TP (g/l)                       58.36±5.78       59.13±4.59      0.845    0.089
  ALB (g/l)                      30.26±3.06       29.83±4.17      0.708    0.064
  Neonate\'s sex                                                  2.163    0.247
    Male                         196 (56.32)        73 (46.79)             
    Female                       152 (43.68)        83 (53.21)             
  Neonate\'s fetal age (weeks)   39.16±3.06       38.45±2.46      2.264    0.431
  Neonate\'s body weight (g)     3,315±436        3,406±456       3.681    0.201

TP, total protein; ALB, albumin.

###### 

Comparison of blood gas analysis results between the research and control groups (mean ± SD).

                   Research group                                                                                                
  ---------------- ---------------- ------------ ---------------------------------------------------------- ------------ ------- -------
  pH value         7.29±0.12        7.20±0.13    7.09±0.29^[a](#tfn2-etm-0-0-6893){ref-type="table-fn"}^    7.37±0.07    0.136   0.043
  PO2 (mmHg)       64.16±6.26       58.16±5.09   54.73±4.76^[b](#tfn3-etm-0-0-6893){ref-type="table-fn"}^   68.16±6.84   9.075   0.021
  PCO2 (mmol/l)    45.53±5.98       50.26±6.74   53.76±6.81^[c](#tfn4-etm-0-0-6893){ref-type="table-fn"}^   40.71±4.29   6.284   0.026
  HCO3^−^ (mmHg)   23.16±3.59       21.73±3.06   19.78±2.46^[d](#tfn5-etm-0-0-6893){ref-type="table-fn"}^   26.16±4.16   5.731   0.035
  BE (mmol/l)      3.16±2.53        4.21±3.07    4.97±3.58^[e](#tfn6-etm-0-0-6893){ref-type="table-fn"}^    2.98±2.49    3.473   0.039

The pH value in the severe group is lower than that in the mild group (p\<0.05).

PO~2~ in the severe group is lower than that in the mild group (p\<0.05).

PCO~2~ in the severe group is higher than that in the mild group (p\<0.05).

HCO~3~^−^ in the severe group is lower than that in the mild group (p\<0.05).

BE in the severe group is higher than that in the mild group (p\<0.05). PO~2~, partial pressure of oxygen; PCO~2~, partial pressure of carbon dioxide; HCO~3~^−^, bicarbonate radical; BE, base excess (BE).

###### 

Comparison of Apgar scores of neonates between the research and control groups \[n (%)\].

                 Neonates in research group                                                                                                 
  -------------- ---------------------------- ------------ ---------------------------------------------------------- ------------- ------- -------
  7--10 points   195 (90.28)                  61 (83.56)   33 (55.93)                                                 149 (95.51)   4.026   0.046
  4--6 points    16 (7.41)                    8 (10.96)    15 (25.42)^[a](#tfn7-etm-0-0-6893){ref-type="table-fn"}^   7 (4.49)      4.267   0.039
  \<4 points     5 (2.31)                     4 (5.48)     11 (18.64)^[b](#tfn8-etm-0-0-6893){ref-type="table-fn"}^   0             5.317   0.035

The number of neonates with the Apgar score of 4--6 points in the severe group is larger than that in the mild group (p\<0.05).

The number of neonates with the Apgar score \<4 points in the severe group is larger than that in the mild group (p\<0.05).

###### 

Correlation of arterial blood gas indexes of patients in the research group with neonate\'s Apgar score.

  Groups     n      pH value    Neonate\'s Apgar score   r       P-value
  ---------- ------ ----------- ------------------------ ------- ---------
  Mild       216    7.34±0.11   7.59±1.49                0.346   \<0.05
  Moderate     73   7.24±0.13   6.15±1.13                0.409   \<0.05
  Severe       59   7.09±0.29   5.08±0.91                0.634   \<0.05

[^1]: Contributed equally
